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22 May 1947

U. 8§, Govermsent
Waehington, o, C.

Attention: Aduinistrstive Contracting 28ficer
Subject: Tesk Orvder ¥No. 3 (100,762)65k

Reievence: 1) iJ. 3. Governmemt letter 1l January 19¢7 ¢o

| |
2) l‘fitt 18 Bovenber 1964 Inventory
' -3

Eoclosure: a) Vouchex C~2257 (2 pages) of 2121767 ahip-
aent of GFP.
[:;:]thahdr C=2648 of 5/19/67 shipmant af GFE.
C=~3066 of /19767 "
C~2649 of 4712767 ” o
" " C-2383 of 3/8/67 " "

xe " C~2386 of 3/8/67 akiyﬂ'ﬁt ol Residual

Inventory
GCantlenen:

Attached please find Enelosure a) representing the {all
shipment of Cevernment-furaished Property (CIT) and fesidus}
Inventory scepuntable immder subject Task Order in coupliacce
with Article 19, Govermweut Property (13-7903) of Basic Azree-

In sccordance with Referenced letter, kindly ackanowledge re-
ceipt of the several shipments by relfevingl |of
property sccosntability under 30@:{ Tabk Order.

g TG l‘d
The | fuixz r an inveice for

the packing and shipping expenses tnwzrmd i.a the wovesment of
the items covered by the above vouchers.
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U. 5. Govermmnt S 22 May 1967

1f you have sny questions in regard to this watter, please
give the writer a call om | |

Very truly yours,

contract Representative

oTC/ by
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l. Introduction

This dooument serves as a clarification of | |
"A Study snd Experimental Inmvestigation of Electrophotographic Techniques,."

Together, these two documents describe a program to increase (photographic)
image perceptability. The proposed efforts include elements of |:|Propoaa1

"Development of a Modulated-Light Film Viewing Table and

Further Study of Modulated-Light Film Viewing Systems,."

The prototype modulated-light film viewing table is not included in
this program, because D understands that the proposal for its davelopment
is béing evaluated separately. Certain other elemesnts of proposal No.

|are omitted because of funding limitations,

Section 2 discusses briefly the nature of the program and its relatione
ship with the long range objectives.

Section 3 is a consolidated statement of the work.

Section b is a description of the experimental procedure to implement
the work statement of the electrophotographic techniques program.

Section 5 contains some supplementary information concerning the
utility of the proposed electronic approach to photographic image modifie

cation.

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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2. Definition of Program Elements

Based upbn its understanding of the subjeet, the | |

|b311ms that a comprehensive

program to improve (photographic) image perceptability might conmist of:
1) An investigation of information transfer processes,
2) An investigation of pertinent image properties.
3) Experimental wodification of properties,
k) Evaluation of results.

proposed program concentrates on steps 3 and L. The con-
prehensive program would begin with an investigation of information transfer
processes affecting image perceptability. This study, necessarily theore-
tical and subjective in approach, should increase knowledge of the processes

involved in the transfer of information from an image t0 a human viewer,
The next step would be an analytical investigation of those properties
and characteristics (of the entire imaging system) which--as a result of
the first step--seem to affect image perceptability. The subjeots of
this study would include, for example, image sharpness, contrast, and
modulation transfer funetion,

The third step of a comprehensive Progran would be concerned with the
application of results of steps 1 and 2, Experimental modification of per-
tinent properties of the imaging system (including the photographic record
and viewing equipment) sho .e lead to improved image perceptability, The
final step should provide ::z evaluation of the experimental results,

[ nas already perforned valuable parts of the overall effort.
Under Govermment spongorship, members of the Division racently oompleted
a study of modulated-light £ilm viewing systems, A Coupany-sponaor_ed
investigation of electrophotographic techniques has yielded improved

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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Ranger, Nimbus, TIROS, and lunar photographs. Both programs, in a pure
posely lSwited sense, have demonstrated the feasibility of techniques for
improving image perceptability.

The two programs led directly to P'Devalop- STAT
ment of a Modulated«Light Film Viewing Table and Further Study of Modulatede

Light Film Viewing Systems,” 23 December 196k (subsequently modified by

I |*A Study and STAT
Experimental Investigation of Elsctrophotographic Techniques," 2l March

1965 (essentially modified herein), Most of the previocusly proposed efforts

are now incorporated into a single program of proposed study and develdp—
ment of techniques and equipment to improve image perceptability.

This new program again forms only a part of tha comprehensive program
discussed above, Limited resources prevent |:|.from proposing full STAT
investigations of all pertinent information transfer procasaea' and image
i:foperﬁes., The suggested experimental efforts are limited to modification
of only some system properties; these are discussed below., It should be
stated here that the Division considers this to be a preferred approach
to the subject. In brief, photographic "de-blurring” has been achieved
for certain photographs with limited egquipment in a wmany-step procedure.

Further demonstration of the electrophotographic techniques (utilizing

improved equipment) is indicated. The inherent advantages of an electronic
approach (e.g., rapid processing) point to "breadboard" development of

The results

in terms of b yo This should lead to a better under-
standing of the processes and properties involved.

electronic equipment.,

Given a photographic record (i.e., & negative or transparency),
modification of image (system) properties may occur during replication
or viewing, That is, the image may be processed before it is viewed,
or V¥ VEH Ker falfgses R 0865 vedn RDEARR4 62 NERAP440%arsions of the
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image may be employed, separately or in cascade, during replication or
viewing. (Rear-projection viewers are examples of magnifying viawers,)

STAT r’ I l

STAT gpplies to image modification during viewing, The proposed

efforts include: construction of a prototype modulated-light film viewer
(contact viewer), study and development-of modulated-light projection -
wiowors (magnifying viewer);-and-study and development of a&-smalli-ares -
(ebselute) contrast-streteh system (also contact viewing), -

STAT h | |applies to image modification during
replication, The proposed efforts include: further study and development
of elee&goﬂxg_fgiaiic "de-blurring" techniques (contact or magnified
processing), and sthdy and development of elsctronic tschniques and equip-

ment to achieve enhanced high-frequency conptrast, etc. in or nearereal

time (also contact or magnified processing). In addition,“this latter
proposal included development of a frequency analyzer.

In the light of detailed oovemnant-|:|dismasions and considerations STAT
a clarified program objective and work statemsnt are presented below. This

single program, which incorporates most of the above tasks in a necessarily
limited effort to improve image perceptu'bility, should yield useful results,
among which are: |

1) demonstrations of effectiveness of fde~blurring® for a wider

range of pictures than has presently been demonstrated.

2) demonstrations of the feasibility of providing the facility of
"de=blurring® techniques in a matter of seconds - and thus of
great use to operational photo interpreters,

3) demonstrations of feasibility of other (as yet to be discovered)

techniques of improving perceptability.

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1



STAT

Approved For R€lease 2004/08/25 : CIA-RDP78B04770%600600010005-1

3. Statement of Proposed Work

The objective of the program will be the improvement of the perceptibility
of images., This field of endeavor is very broad and can include work in optiecs,
photography, électronica, phygtology, psychology, and other related disciplines.
To attempt an attack on the problems from all fronts simultaneously would too
severely C:le!fl:‘;x a limited initial effort. Gonsequentlprropoaes the followEhgAT
program of initial experimentation and development, which is within the capabi.li.ti.es
of the personnel and facilities avallable for the program,. Tho tasks to be
performed are those which| |feels will be of benefit to the customer by
providing useful knowledge, useful equipment, and & sound experimental program
for acquiring of data to refine the underlying theories. The results obtained
will lead to useful expansions or extensions of the work in the future.

It should be noted that a proposal has been eutmitted for development of
a p;fototype modulated-light film-viewing table. This equipment is within the
field of improvement of image parceptibﬂi.ty, but the proposal for its development
1- to be considered seperately from this proposal.

The present proposal compriges a program of work 1°_M__E____°‘-1°“i areas:

A, Modification of photo -
(1)_ by elegtro-»photoggaghtc techniques

(QL_tgz_wlmmugmm

B. Modified vies

C. TImage spatial frequency analyger. . :

A(1) The electrophotographic techniques study will be principally an

" experimental effort, based on the techniques developed at D‘Ld applied to STAT

moon photographs and othera, to determine the effectiveness of these and

similar techniques when applied to photographic samples to be supplied by the

customer.

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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Tt is expected that the customer will participate throughout the program
by comparative evaluation of proceaaed and original photographs. In this
manner those techniques which have utility to the customer can be pursued.
Some of the specific objectives of the propomed investigation will be as
follows:

(1) Investigation of density/iransmittance requirements as a function

of subject-matter content and image sise.

(2) Partial supbressi.on of densities around image elements for increase
of image fidelity. |

(3) Maintenance of continuous tonal contrast to the extenmt that, when
image magnification is used, graininess is not spparent to the
observer,

(4) Comparison of the original and final imeges in terms of the
observer's eye response and the measured values obtained.

(5) Determination of fidelity-ratio response and fidelity-defect
factor between the original and final transparencies for several
types of shape and image structures. These will be used to evaluate
image correction.

The propossd investigation would comprise the rollqwing seven tasks:
Task I - Material and Equipment Procurement and Equipment Setup

This task involves the obtaining of materials and hardware necessary to

the evaluation, the establishment of standards for the evaluation setup, and

the calibration of the equipment.

Task II = Evaluation of Cnstomeras'uppli.ed Tranaparenciés for Qualification
Measurements
This task comprises an analysis of the original transparencies in terms of:
(a) Density distribution

(b) Shape and structure of images
Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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(¢) Linear resolving power

(d) Spacing of details

Task III ~ Evaluation of Film Types for Poai.tive/ﬁegativa Correlation

This task inwolves the following 1hd1v1dtm1 efforts:

(a) Processing and eveluation of film types

(b) Grouping of film types in accordance with applications

(e). Préli.minary experimental application

(d) Establishing denaity-rehttonahip controls

(e) Experimental sampling of eye response to established
density-relationship econtrols

(£) Preliminary correlation of eye response with density distribution
in transparencies and with transmitted-light distribution

Tagk IV - Test and Debugging of Intensity-Modulated Light Source

- Task V - Experimenté.l Applieation of Electrophotographic Techniques
"Taak Jask VI - Analysis and Evaluation of Results

‘Task VII - Domunantation

A(2) The object.ive of the elsctronic techniques program will be to use the
flexibility of electronic signal processing in combination with the high
resolution capability of photographic copying to provide high resolution
photog;'aphic images modified so0 ag to increase image perceptibility. A further
goal is the automation of the process so as to provide, eventually, high speed,
high capacity equipment, '

The initial tasks to be undertaken are as follows:

-(1) The characteristics of ele‘ctroni.c. signal fi.lters, 11miters, thresholders,

and amplifiers will be investigated and reviewed i.n tema of the

processing system requirments

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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(2) |:|w111 design and build a feasibility demonstration model
incorporating the electrophotographic techniques.

(3) Operation at spatial frequencies greater than 200 eyeles/mm will
be the goal.

() Problems of raster registration will be studied and the best
practical limits will be sought.

(5) Evaluation will be made of the effscts of variation of high-frequenoy
passband, threshold level, and pulse shape on the subjective appearance
of various types of images including those supplied by the customer.

B. Modulated-light rear-projection viewer

will make feasibility studies of the application of modulated-light

techniques to rear projeotion viewers. The results will be reported, and if
warranted, recommendations for equipment development will bs made.

C. Spatial Frequency Anzlyzer
The objective is to develop equipment which will permit rapid anslysis
of the spatial frequénciea present in photographs, Because of similarity of

‘some of the equipment required for this effort to that required for A(2) above,

the following is predicated upon this work being conducted in addition to that
of A(2).
(1) The breadboard equipment described in Section III will be modified
to permit experimental demonstration of the spatial frequency analyszer.
(2) Circuitry to permit sutomatic compensation for the modulation
transfer function of the analyzing spot will be investigated and
incorporated, if found to be tractable.
(3) Spatial frequency response greater than 500 cycles/mm will be the
goal. It is expected that this goal will be met.

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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(L) Limited studies of the "frequency signatuie" mode of operation will
be conducted if requested by ths customer.

(5) Recommendations for equipment development will be furnished, if the
sbove experiments show that the technigues developed have practical

value,

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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Electrophotographic Techniques

Task I

Tagk II I

Task III L i

Taslkc IV S
Task V o

Task VI —

Task VII - .

X.
X

Note 1: Expected delivery of dryer, film, combination sink, and micro photometer.
2: Expected delivery of micro densitomster and contact printer,

3: Expected delivery of micro copy camera and CRT,

2 3 b 5 6 7 8 9 30 m 3

Flectronic Techniques

Mod, light source construction

Rear~proj .~viewer study )

System study N

Specification and ordering of
components

Design and construction of
breadboard

Evaluation and modification
£x Per Im evtition v Bya| uad-u;nc{ 7;0/1:4(5“2;

Frgguency_ Angxzer

Design of Modifications to
braadboard

Construction and test of
integrations, etc.

Installation and evaluation

Monthly reports | -
Interim reports
Final report

-

| PO P

N OO P |

| PSS N IU——

X X
Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1

|

4 ' i i i)
T L T T L]



Approved For Rélease 2004/08/25 : CIA-RDP78B04770A000600010005-1

Experimental Progran in Electrophotographic Technique Development

The dasic hypothesis ia that an item in an image is perceivable when:

(1) Both the background's and the object's brighinesses are within
the range of sensitivity of the viewing instrument.

{(2) The brightness of the object 13 suffieiently different from that
of the local background ass io be distinguishable by the viewing
instrument.

(3) The change in brightness (in spatial dimension) from background
to object is sufficiently abrupt 23 to define an "edge®.

(L) The extent {spetial dimension) of the object is angularly
resolvable by the viewing instrument.

On this basis, then, the generasl deseription of the experiment's

program can bs said to be

(A) Select appropriste numerical values 80 as to make the qualitative
hypothesis above, quantitative,

{(B) Test the hypothesis in specific cases by

(1) Visually examining a photo to be de-blurred to locate an
indistinct object representative of the size of objects of
interest.

(2) Make quantitative isasurmnta in the local neighborhood
of this cbject to determine its apparent size and brightness
and sharpness as well as the brightness and the variation
of the background,

(3) Modify the densities in this local area so as to satisfy
the quantitative limits of the hypothesis,

(L) Subjectively test for improvement in perceptidvility by a
photolinterpretor.

-1~
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As in most éxporimental programs, the work necessary to take care of
peripheral problems is much more than that addressed to the problem of interest.
It is the same in this case,

Ve must caltbrutg the viewing sensor, In this case we will restrict

ourselves to considering only the combination of the standard light box and
the human eye. This will be calibrated by: the use of test gratings at
several 0,T.C, steps (object target contrast). This will serve to determine
contrast perception at several brightness 1évuls. The subject matter of some
of the gratings will be cubes, spheres, and cones as well as squares, discs,
and triangles at several contrast and brightness levels,

‘ Another area that will require a great deal of attention 1s that of the
cholice of film to be used in making the modified photo, Since the film
characteristics of interest here are not always supplied by the manufacturers,
candidate types of film will be examined by:

1) Deneity range and the number of density steps. This is essential
for the use of thresholding and casc#ding effects.

2) The measure of granularity gives resolution at three 0,T.C. (object
target contrast) levels.

3) The effect on density range snd number of density steps by changing
the gamma (chemical) and by changing the light intensity while
keeping the exposure tinme increment constant,

Having considered the peripheral problems we can address the main problem,

Here again there er complications. The "acutance" is commonly used as a
measure of "sharpness". However there is an interaction between this and the
granularity of the film, Measurements of both will be made in order to
establish, within the limits of our interest, an emperical relationship.

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1
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In addit: will be measurements made of

1) Density for the purpose of defining the originsl acutance level

over most of the ordiginal film,

2) Resolution so as to determine whether the limits are defined by

the type of film used or by the method of photography,

3) Photomstric meamzreménts on the light box s0 as to determine

brightness relatlionships pricor to modification,

L) Isodensitonetriec traces arocund specific subject matter which are

at or near the threshold level of cbservation,
will be made on the original photograph.

Since it is suspected that there will be relationships between measures,
they will be systematically recorded (together with other data of the
original photo, such as format size, general tone, and subject matter).
These data will normally be examined by eye, so to speak, in order to
identify trends, Whensver a trend is suspected, the data will then be
subjected to more critical (though fundamentsl) statistical analyses.

Having examined the measures made of the original photo, the changes
a8 required to satisfy the hypothesis will be determined.

The changes will then be implemented by choosing the appropriate
film and programming the modulated light source. The modified picture
will then be measured as before to determine the extent to which the
degired changes were realized.

Then the modified picture will be examined by light box and eyes to
determine the appropriatensss of the change.

-3

Approved For Release 2004/08/25 : CIA-RDP78B04770A000600010005-1



Approved For R€lease 2004/08/25 : CIA-RDP78B04770%000600010005-1

V. Additional Information on Electronic Techniques

The following is supplementery information about the proposed
processes in the electronic approach to modification of photographic images,
The principal purposes are twofold,

1) Reduce low frequency contrast, thersby producing a relative

increass of the high frequency components,

2) Absolute increase of contrast in the high frequency components.
That these effects will occur may be seen with the aid of Figures 1 and 25
which show the effects of application of, respaotively_, negative low spatial
frequency, and positive high spatial frequency modulated illumination dur:ing
the process of replication of a photographic image. The two processes may
be made to occur simultaneously if desired, by addition of the proper
electronic signals which form the input to the light modulator.

Modulated-light cop:lers‘ ars available from several manufactursrs
which are unsuitable for high resolution copying, end do not permit modi-
fication of the high spatial frequency elements of aerial photographic

STAT images, | |believes that the proposed system, which uses contact printing
with a very small spot light source; will have the capability for high
resolution reproduction, and modulation 1 at high, as well as low spatisl

frequencies, , The nmultiple 1ight sources proposed, which permit -9?'?;;9?3:939 o

operation, will permit absclute contrast emhancement under stable conditions,

which the existing equipment cannot provide, It is expected that the proposed

feasibility breadboard equipment will serve as a basis for high quality,

D s Vspy

h”:.ljg volume, automatic dodging printers, amd also for more specialg.zed {.mage

modification equipment.
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Photograph MIF

Modified MIF with increased
relative high frequency response

Spatial frequency

Inverted low frequency component

Figure 1,

Photograph MTF :
_ e ?>—Mogified MIF with absolute
- “ N increase of high frequency response
Y ks - In-phase high
~—_~. ™. frequency modifier

”lfgpatiﬁi )fr;aquency

Figure 2
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